Abstract
Introduction

43
Updated and detailed coastal topography and bathymetry are increasingly being 
122 where is the absorption coefficient, is the backscatter coefficient, is 3.3. Depth-retrieval algorithm 161 The method that was used to derive bathymetry from variable bottom types is an 162 adapted version of the linear transform bathymetry algorithm originally developed by Lyzenga (1978 Lyzenga ( , 1985 and was applied to the Landsat 8 
where is the constant to correct the spectral variation and is aerosol dependent, 
185
The atmosphere has a significant impact on satellite data, such as information loss, shorter-wavelength coastal blue band (Roy et al., 2014 atmospheric scattering, which must be removed (Chavez, 1988 (Chavez, , 1996 . The basic 198 assumption is that within the image, some pixels are in complete shadow and their 199 radiances received at the satellite are due to atmospheric scattering (i.e., path radiance,
200
Chavez , 1996) . This assumption is combined with the fact that very few targets on
201
Earth's surface are absolutely black. In the present study, the minimum scatter radiance
202
(i.e., the 1% radiance of a dark object) was determined (Nazeer et al., 2014) areas (Nazeer et al., 2014) .
213
Following Lyzenga (1978, 1985) and Stumpf et al. (2003) 
247
LiDAR data points were referenced to MSL and were tide corrected, but the satellite
248
image was acquired at a particular date and time. As such, a corresponding tide offset 249 needs to be corrected before applying the regression model to obtain model coefficients.
250
The correction of the satellite image was performed by matching the image time with 251 tidal level using a tidal predictor (Pawlowicz et al., 2002) . The processing steps are 252 illustrated in Fig. 2 .
Data analysis
254
The satellite-derived depths ( ) were compared against the LiDAR depths ( )
255
and separated into depth ranges (Table 2 and Fig. 3 ). The differences between 256 and were then analysed statistically (Table 2 and Fig. 4 ) and plotted against the 257 X coordinate to evaluate their spatial variation throughout the study area (Fig. 3) .
258
During the calibration stage, and to better understand the coastal morphologies that
259
SDB with a resolution of 30 m could distinguish, bathymetric charts were derived for 260 particular areas of interest (AoI). AoI1 represents the Ancão Peninsula ( Fig. 1 
Fig
. 5B); and Bm3, the SDB map (Fig. 5C ).
266
The same interpolator was used to grid the bathymetric maps within the same limits and 267 resolution following quality controls suggested by Hicks and Hume (1997 Bm2, and Bm3 is presented in Fig. 7 .
294
AoI2 comprises the easternmost area of Tavira Island, the Tavira Inlet, and the 295 westernmost area of Cabanas Island (Fig. 1C) , and was chosen for several reasons. First,
296
as mentioned above, Ria Formosa has a cuspate shape, and whereas AoI1 faces the 297 prevailing SW oceanographic conditions, AoI2 faces the E-SE conditions. Second,
298
whereas AoI1 encloses an artificially opened inlet that has been allowed to migrate 299 naturally (Ancão Inlet), AoI2 encloses a stabilised inlet with two jetties (Tavira Inlet). A 300 similar procedure to that used for AoI1 was adopted for analysing AoI2, and three 301 bathymetric maps were derived: Bm1, a bathymetric map with 2-m resolution using the
302
LiDAR high-resolution data (Fig. 8A) ; Bm2, a bathymetric map with 30-m resolution 303 using the resampled LiDAR data (Fig. 8B) ; and Bm3, the SDB map (Fig. 8C ).
304
Differences between Bm2 and Bm3 were then determined by applying the DMM (Fig.   305   8D ). Univariate statistics of the DMM for each AoI are presented in Table 3 . Because 306 nearshore dynamics and morphological changes are assessed primarily by analysing 307 variation in the nearshore profiles, cross-shore profiles spaced every 1000 m were also 308 extracted from the bathymetric maps (i.e., from Bm1, Bm2, and Bm3) of AoI2 ( (Table 3) . Table 2 . The depth data were separated into 2-m classes 341 to allow both methods' strengths and limitations to be distinguished. The distribution of 342 frequencies was determined to analyse differences between satellite-derived depth
343
) and LiDAR depth ) for each 2-m depth class (Fig. 4) . Overall, and for 344 all depth classes, the distribution of differences is contained within ±1 m, except for Table   348 2). Maximum and minimum residuals within all depth classes correspond to depth points where the depth-retrieval linear algorithm was ineffective in providing accurate 350 depth values. Class 1 ( Fig. 4 and Table 2 ), which covers a depth range in which it is 351 reasonable to expect significant morphological changes over a 2-year period, also had Using all data except those in Class 6, which represents less than 1% of the dataset, the (Table 3) .
389
The DMM grid generated for AoI2 (Fig. 8 ) reveals large areas where the SDB depths depths from 0 to 6 m; however, the SDB profiles deviate significantly for the nearshore 405 profile sections at depths greater than 6 m. As LiDAR data exist for depths greater than 406 6 m, the discordance appears to be related to the optical properties of the water and/or 407 bottom properties that interfere directly with the retrieval of depth using the linear 408 algorithm (i.e., a constant and/or incorrect DN on one or more Landsat 8 bands).
409
The 2-, 4-, 6-, and 8-m isobaths from the SDB extracted for both AoI1 (Fig. 7 ) and AoI2
410
( and show a very consistent spatial behaviour. Major differences can be seen in the areas 412 adjacent to tidal inlets for the 2-m (Fig. 7A ) and 4-m (Fig. 7B ) isobaths in AoI1, as well 413 as for the 6-m isobath immediately downdrift of Tavira Inlet (Fig. 10C) , and for the 8-m isobath ( Fig. 10D) The reliability of the depth-retrieval algorithm to produce SDB maps was assessed 419 using a third independent data source, that is, dedicated small-scale echo-sounder 420 bathymetries acquired in AoI3 and AoI4 (Fig. 5) . SDB maps were produced using the 421 determined coefficients (Eq. 6) on a new Landsat 8 scene (26 April 2013, Table 1 ).
422
Given the similar timings of the surveys and the satellite image, in this comparison it is accretion/erosion morphodynamic variability are given in Table 3 . of the ebb delta (Fig 12B) , both identified on the SDB maps, are clearly defined (as
445
shown by the deflection of isobaths) when compared with the echo-sounding + RTK-DGPS surveys (Figs 11A and 12A, respectively) . This result is relevant because both 447 surveys cover areas of complex environments: AoI3 is an area adjacent to a migrating 448 inlet and AoI4 is situated in the vicinity of a stabilised inlet (Fig. 1) . (Table 3) .
467
In AoI4, accretion is observed in the central area (inlet channel) and erosion in the 468 western part of the survey area (where the ebb tidal delta is located). These observations 469 are consistent with the recent evolution of the system, that is, the ebb delta is regularly 470 dredged to counteract the sediment movement from the ebb delta towards the entrance 471 channel through the delta terminal lobe. Overall, the total surveyed area recorded 472 accretion of ~0.14 m 3 /m 2 (Table 3) for the 2-year period, which is in agreement with the 473 siltation tendency of this particular inlet, especially at the entrance channel. Excluding 474 the ebb delta and the main channel, the elevation differences only rarely exceed ±1 m,
475
with extensive areas where differences are less than ±0.25 m (Fig. 12D ). for this may be related to geographic and environmental controls, that is, the W and E sectors are exposed to different wave regimes, causing differences in optical conditions 509 of the water (e.g., particles in suspension, chlorophyll-a, and bottom properties). Where the depth-retrieval linear algorithm is successful in extracting depths, the extracted 511 values present higher residuals (areas adjacent to Tavira Inlet, Fig. 3 Class 5).
Discussion
512
In this paper, a DOS method was applied to perform the atmospheric correction and a 513 linear retrieval algorithm was applied using coefficients computed from a multiple 
565
Improved satellite imagery collection, processing algorithms, and workflows make SDB 566 a real and useful survey solution for monitoring coastal areas and for producing rapidly 567 deliverable digital bathymetric models. Although SDB has great potential in its current 568 state, the good quality of the results presented here for the 60-km stretch of coast of the 569 Ria Formosa area is inherently related to the availability of the high-frequency LiDAR 570 data that were used to perform the regression to obtain the coefficients of Lyzenga's 571 (1978, 1985) 
